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Meeusen and van den Broeck（１９７７）のSFA（Stochastic Frontier Analysis：
確率的フロンティア分析），Charnes et al.（１９７８）のDEA（Data Envelopment
Analysis：包絡分析）が嚆矢である３）。SFAはコブダグラス型等の特定の関

































５）たとえば，Coelli et al.（２００３）はDOSベース，Bogetoft and Otto（２０１１）はR，
























































（１） ln（Yi）=β0+β1 ln（Ki）+β2 ln（Li）+β3 ln（Oi）+vi-ui
（２） vi～ iid N（０, σ2v）
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The Impact of Environmental Factors
on Parametric Stochastic Production Frontier:
Application of SFA to Heterogeneous




The purpose of this paper is to examine the effects of environmental
variables on the production frontier and technical efficiency using
stochastic frontier analysis (SFA). In order to do so, this study applies three
kinds of one-step models to Japanese water utilities, which are
heterogeneous and heteroskedastic. These models take the mean and
variance of the one-sided error term (which indicates inefficiency) into
consideration. The main conclusions are as follows: 1) based on the results
from log-likelihood ratio test, Wang (2002)’s model is chosen; 2) estimations
that fail to acknowledge environmental variables cause bias in the
estimates of the production frontier and technical efficiency; 3)
environmental variables intake capacity, consumer density, load ratio,
purchased water ratio and well water ratio have a positive impact, low
water quality, subsidy ratio and price level have a negative effect on
efficiency level; and 4) the traditional two-step method cannot sufficiently
account for the effects of these environmental variables.
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